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@ DNA coding for human ventricular myosin light chain 2.

@ The DNA segment is provided having a sequence which codes for human ventricuiar myosin light chain 2
(HVMLC2) protein, or a fragment of the DNA segment. The DNA segment or a fragment of the DNA segment of
the invention can be used to produce HVMLC2 protein or a part of the protein by culturing a transformant
microorganism which includes a recombinant plasmid comprising a plasmid vector into which the DNA segment
or a fragment of the DNA segment of the invention has been inserted.
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DNA CODING FOR HUMAN VENTRICULAR MYOSIN LIGHT CHAIN 2

The invention relates to a DNA segment having a sequence which codes for human ventricular myosin
light chain 2 (HVMLC2) protein or a fragment of the DNA segment. The DNA segment of the invention can
be used to produce human ventricular myosin light chain 2 protein or part of the protein by culturing, a
transformant microorganism which includes a recombinant plasmid comprising a plasmid vector into which
the DNA segment of the invention or a fragment of the DNA segment has been inserted. The DNA segment
of the invention also permits selection of oligonucleotide fragments and polypeptides which are unique to
human ventricular myosin light chain 2 protein or to myosin light chain proteins from other species and/or
tissues.

Myosin is the major protein constituent of cardiac muscle and it consists of two myosin heavy chains
and four myosin light chains. Two classes of light chains have been characterized in cardiac myosin:
cardiac myosin light chain 1 with a molecular weight of 27,000 daltons and myosin light chain 2 with a
molecular weight of 20,000 daltons.

The light chain of myosin is released from cardiac muscle following myocardial infarction and may
remain elevated in serum for several days (Khaw et al, Girculation 58 p.1130, 1978 and Trahern et al. Am.
J. Cardiol 41 p. 641, 1978). Katus et al. (JACC, Vol. 2 (3) p. 487) recently reported a correlation between the
presence of myosin light chains and signs of ischemia in the electrocardiogram and extent of coronary
artery narrowing. An elevated plasma light chain concentration has also been observed in patients with
congestive cardiomyopathy associated with an inflammatory infiltrate (Haver, E., J. Mol. & Cell Cardiol. 17
(Supplement 2) p.53, 1985).

There are a number of reports describing diagnostic methods for muscle diseases utilizing polyclonal or
monoclonal antibodies directed at myosin light chains (Trahern et al. supra; Khaw et al. Supra; Nagai et al.
Biochem. Biophys. Res. Commun. 86 p.683, 1979; and Katus et al. Am. J. Cardiol. 54 p.964, 1984, Katus et
al. Mol. Immuno. 19 p.451, 1982, and Masahito et al. European Patent Application D205 177 A2). The
diagnostic methods however suffer from a number of disadvantages such as cross-reactivity between
cardiac myosin light chains and myosin light chains from other tissues or species.

Polycional or monoclonal antibodies specific for cardiac myosin light chains can be used for various
types of therapy. For example, such antibodies can be conjugated to a radicisotope to image damaged
cardiac muscle tissue or to a therapeutic agent to deliver the agent to damaged cardiac muscle tissue.

The identification of the DNA sequences that code for human myasin light chains would facilitate the
preparation of highly specific monclonal and polyclonal antibodies which would be useful in diagnostic
methods and for various types of therapy.

Weeds and Pope (Nature, 234, p. 85. 1981) examined thiol sequences of cardiac light chains from
bovine and sheep hearts. The amino acid sequence of myosin light chains from normal and hypertrophied
human hearts was partially elucidated by Klotz et al. (Circulation Research 50, p. 201, 1982). Klotz et al.
sequenced peptides isolated from human cardiac myosin light chain 2 and found that their sequences
corresponded to 70% of the whole molecule. Collins st al. (Bioscience Reports 6, p.655, 1986) disclosed
the amino acid sequence for rabbit ventricular myosin light chain 2 (LC2). -

A few studies have been directed at characterizing the nucleotide sequences of cardiac myosin light
chains. The present inventor has described a DNA segment having a sequence which codes for human
ventricular myosin light chain 1 protein (U.S .Patent Application Serial No. 07/160,892 filed February 28,
1988). Kumar et al. (J. Biol. Chem. 261 p.2866, 1986) has described the nucleotide sequence of a
recombinant plasmid containing cDNA cmésponding to rat heart myosin light chain 2.

The present inventor using a cDNA cloning method has identified and sequenced a DNA segment
having a sequence which codes for the HVMLC2 protein. The HVMLC2 protein has hitherto not been
compietely sequenced at the protein level using conventional methods due to the blockage of the N-
terminal end of the protein. In addition, at the protein level HVYMLC2 protein is readily degradable. The
HVMLC2 protein has also hitherto not been sequenced by DNA cloning methods due to difficulties in
isolating mRNA from cardiac tissue since it is readily degraded by RNase, and difficulties in obtaining
sufficient quantities of human material for charaeterization. Furthermore, the mRNA that codes for HYMLC2
is presnt in extremely small quantities and it is contaminated with much larger amounts of other mRNA's
that act similarly to it in the cloning methodology and which are not related to HVMLC2. Therefore, at each
stage of the cloning method, a complex mixture is encountered, only a very small part of which is related to
the HVMLC2 protein.

The present invention therefore provides a means and method of screening complex mixtures of mRNA
in order to select the mRNA that codes for HVMLC2 protein. The present invention further provides a DNA
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segment having a sequence which codes for HVMLC2 protein, or a fragment of the DNA segment.

In accordance with one embodiment of the invention, the DNA segment has a sequence which codes
for HYMLC2 protein of the amino acid sequence as shown in Table I. In accordance with a second
embodiment of the invention the DNA segment has a sequence which codes for HYMLC2 protein having
the nucleotide base sequence as shown in Table I. In accordance with a third embodiment of the invention
the DNA segment of the invention has the nucleotide sequence as shown in Table II.

The invention also contemplates a DNA segment or a fragment of the DNA segment hybridizing to a
DNA segment or a fragment of DNA segment of the invention from whatever source obtained including
natural, synthetic or semisynthetic sources, that is related by mutations, including nuclectide substitutions,
nucleotide deletions, nucleotide insertions and inversions of nucleotide stretches to the DNA segment or
arrangment of the DNA segment according to the invention and having a sequence which codes for
HVMLC2 protein.

The invention further contemplates a recombinant plasmid adapted for transformation of a host
comprising a plasmid vector into which a DNA segment having a sequence which codes for HVMLC2
protein, or a fragment of the DNA segment, has been inserted. Preferred recombinant plasmids are those
comprising a plasmid vector into which a DNA segment having a sequence which codes for a HVMLC2
protein of the amino acid sequence as shown in Table |, or of the nucleotide sequence as shown in Table |,
or a fragment of such a DNA segment, has been inserted. The recombinant plasmid of the invention can be
introduced into a host cell which can then be cultured to produce HVMLC2 protein or a part of the protein.

The invention also provides a process for producing HVMLC2 protein or a part of the protein comprising
culturing a transformant host cell including a recombinant plasmid comprising a plasmid vector into which a
DNA segment having a sequence which codes for HYMLC2 protein or a fragment of the DNA segment has
heen inserted, in a suitable medium until HYMLC2 protein or a part of the protein is formed and thereafter
isolating the HYMLC2 protein or a part of the protein.

The invention further contemplates a polyclonal or monoclonal antibody directed at HYMLC2 protein or
a part of the protein prepared in accordance with the methods of the invention, methods for preparing the
polyclonal or monoclonal antibody and diagnostic methods for cardiac muscle diseases using the polyclonal
or monoclonal antibody. The invention further contemplates a medicament for the prophylaxis and treatment
of heart disease which comprises a polyclonal or monoclonal antibody directed at HVMLC2 protein
prepared in accordance with the methods of the invention and one or more of a therapeutic agent and a
pharmaceutically acceptable excipient, diluent and auxiliary. The invention still further contemplates an
agent for detecting damaged cardiac tissue which comprises a polyclonal or monoclonal antibody directed
at HYMLC2 protein or part of the protein prepared in accordance with the methods of the invention and a
labelling agent.

The present invention permits, for the first time, the precise identification of a polypeptide sequence or
a part of a polypeptide sequence, or a nucleotide sequence or a part of a nucleotide sequence, which is
unique to HYMLC2. To those skilled in the art, such polypeptide or nucleotide sequences of HYMLC2, with
their detailed conformations deduced on energetic and thermodynamic groups, enable the separation with
unprecedented specificity of HVYMLC2 by immunologic (e.g. based on poly- or monocional antibody against
a polypeptide or a part of a polypeptide, used alone or in concert), by nucleotide hybridization technigues
(e.g. using DNA or RNA complementary strands with/without signal amplifications), by receptor-based or
receptor-like assays, or by other variants of these well-known methods.

DESCRIPTION OF THE DRAWINGS

The invention will be better understood with reference to the drawings in which:
Figure 1 is a schematic illustration of a restriction map of a plasmid containing the DNA segment of
one embodiment of the invention.
Figure 2 shows the conformation of HVMLC2 constructed from the deduced amino acid sequence of
the DNA segment according to one embodiment of the invention.

DETAILED DESCRIPTION

In accordance with one embodiment of the invention, the HVMLC2 protein encoded in the DNA
segment of the invention is composed of the 165 amino acids shown in Table {. A comparison of the
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deduced amino acid sequence of the HVMLC2 protein encoded in the DNA segment of the embodiment of
the invention shown in Table | with the known partial amino acid sequence determined from chymotryptic
peptides of human cardiac myasin light chain 2 by Kiotz et al, (Circulation Research, 50, p. 201, 1982)
indicates that the amino acid sequences are similar (Table ll). The deduced amino acid sequence of the
HVMLC2 protein encoded in the DNA of the embodiment of the invention is also similar to the amino acid
sequence of rabbit cardiac light chain LC2 (Collins et al, supra) and the deduced amino acid sequence of
rat cardiac light chain LC2 (Kumar et al, supra) (Table IV). The similarities between the rabbit and rat and
the human cardiac myosin light chain sequences indicate that the rabbit and rat sequences as well as
antibodies directed against the rabbit and rat light chain 2 proteins, may be useful as standards in
diagnostic methods for detecting HVMLC2 protein or DNA or mRNA sequences of HYMLC2.

The conformation of a protein may be deduced oniy after the complete amino acid sequence of the
protein is known. Accordingly, the confirmation of the HVYMLC2 protein may be deduced from the amino
acid sequence identified in the embodiment of the invention. Figure 2 shows the conformation of the
HVMLC2 protein deduced from the amino acid sequence shown in Table |. As shown in Figure 2, a-helical
structures are found at the proline residues of the aminc acid sequence shown in Table | and there are
polypeptides located at exposed sites in the HVYMLC2 protein.

A comparison of the amino acid sequence of HVMLC2 protein identified in the embodiment of the
present invention with the amino acid sequences of myosin light chain proteins described in the literature,
as well as the conformations of these proteins, indicates that there are sequences which are unique to
HVMLC2. It is the unique sequences of the HVMLC2 protein encoded in the DNA segment of the present
invention and the specific conformation of the protein which permits specific differentiation of ventricular
myosin light chain 2 protein from myosin light chain proteins from other species and/or tissues.

A comparison of the deduced amino acid sequence identified in the embodiment of the present
invention with the deduced amino acid sequence of rat cardiac light chain LC2 (Kumar et al, supra),
indicates that the following polypeptides are unique to HYMLC2. -
Ala-Gly-Gly-Ala-Asn (amino acids 10 to 14 in Table I
Asp-Pro-Glu-Gly-Lys-Gly-Val-Leu-Lys-Ala-Asp-Tyr-Val-Arg (amino acids 106 to 119 in Table 1)

The polypeptides are located at exposed sites and are particularly useful in differentiating HVYMLC2. (Figure
2). The polypeptides unique to HVMLC2 can be synthetically synthesized using solid phase synthesis
{Eberle, A.N.J. Chem. Soc. Perkin. Trans, 1, p.361, 1986).

In the nucleotide base sequence shown in Table i, the nuclectide positions from 1 to 102 represent the
oligo dG tailed linker used in the cloning, and those from 103 to 146 represent the noncoding area. The
ATG sequence at positions 147 to 149 is the start codon. The sequence between positions 150 and 647 is
the portion that encodes the HVMLC2 protein. The sequence at positions 648 to 650 is the stop codon and
the sequence after position 650 is the 3'-noncoding region.

The DNA segment of the present invention can be prepared, for example, by the method as described
below.

The total RNA was separated by the guanidine thiocyanate/cesium chloride method from human
ventricle. Poly A messenger RNA was isolated from the total RNA by oligo dT column chromatography. A
human ventricular cDNA library was prepared by using the messenger RNA as a tempiate. The cDNA
library is deposited at the ATCC under the deposit number ATCC 67789. The cDNA library was then
screened using a probe consisting of a DNA that encodes a portion of the amino acid sequence of HYMLC2
which was partially elucidated by Klotz et al, supra. A DNA segment containing a DNA sequence coding for
HVMLC2 protein was contained in a resulting.c_lma (pCD-HVLC2). The restriction map of pCD-HVLC2 is set
forth in Figure 1. The plasmid pCD-HVLC2 is deposited at the ATCC under the deposit number ATCC
67791.

The DNA segment of the present invention having a sequence which codes for HYMLC2 protein or a
fragment of the DNA segment can be incorporated in a known manner in a plasmid vector which ensures
good expression of the HVMLC2 protein or a part of the protein. Examples of plasmid vectors which can be
used are pBR322, pBR325, pUC7, pUCS8, pUC18 and pUC19, or other generally accessible plasmids.

A number of unique restriction sequences for restriction enzymes are incorporated in the DNA segment
identified in Table il and these provide access to nucleotide sequences which code for polypeptides that
are unique to HYMLC2. It is possible to make use of the following recognition sites for restriction enzymes
to prepare fragments of the DNA segment of the embodiment of the invention:

Asul (GIGNCC, positions 147 to 180, 182 to 254, 255 to 366, 367 to 422, and 423 to 645)

FnudHl (GCINGC, positions 147 to 306, 307 to 561, and 562 to 645)

Ddel (C¥TNAG, positions 147 to 154, 155 to 291, 292 {0 427, and 428 to 645)

Mnll (CCTC, positions 147 to 237, 238 to 357, 358 to 389, 390 to 429, 430 to 527, 528 to 540, 541 to 543
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and 544 to 645)
ScrFl (CCNGG, positions 147 to 175, 176 to 224, 225 to 363, 364 to 605, and 606 to 645)

DNA fragments having sequences unique to HVMLC2 can also be constructed by chemical synthesis
and enzymatic ligation reactions carried out in @ manner known per se.

The HVMLC2 protein or a part of the protein can be obtained by expression in a suitable host celi in a
manner known per se. Suitable host cells are procaryotic organisms, preferably E, coli, B. subtilis, S.
lividans and mammalian and yeast ceils, preferably Saccharomyces cerevisiae.

The DNA segment of the present invention ailows those skilled in the art to prepare antibodies against
HVMLC2 protein or a part of the protein which can be used in in vivo and in vitro analytical methods.
Antibody against HYMLC2 protein or a part of the protein can be prepared by conventional procedures by
injecting HVMLC2 protein or a part of the protein obtained according to the process of the invention, or
synthetically synthesized HVMLC2 protein or a part of the protein, into a suitable host animal; then bleeding
the animal and concentrating the antiserum. Monoclonal antibodies specific for HVYMLG2 protein or a part of
the protein can also be prepared using the known cell fusion method. As to details relating to the
preparation of monoclonal antibodies reference can be made to Goding, J.W., Monoclonal Antibodies:
Principles and Practice, 2nd Ed., Academic Press, London, 1986. It is possible according to the invention to
use the antibodies against HVMLC2 protein or a part of the protein, particularly a part having a unique
amino acid sequence to HVMLC2, as a reagent for detecting HVMLGC2, for example in an ELISA,
radioimmunoassy, or histochemical tests.

Polycional or monoclonal antibodies against the HVYMLC2 protein or a part of the protein can be used
as medicaments, in particular as medicaments for the prophylaxis and treatment of heart disease. The
polycional or monoclonal antibodies may be administered alone, in mixtures, in combination with one or
more pharmaceutically acceptable excipients, diluents and auxiliaries or they may be conjugated to a
therapeutic agent using known methods. Suitable therapeutic agents are enzymes or free radical scaven-
gers, for example superoxide dismutase, catalase and vitamin E. The polyclonal or monoclonal antibodies
against the HVMLC2 protein may also be conjugated to a labeiling agent and used to detect damaged
cardiac tissue. The labelling agent may be various enzymes, fluorescent materials, luminescent materials
and radioactive materials. Examples of suitable enzymes include horseradish peroxidase, alkaline
phosphatase, or 8-galactosidase, acetylcholinesterase; examples of suitable fluorescent materials include
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyi
chioride or phycoerythrin; examples of luminescent materials include luminol; and examples of suitable
radioactive materials inciude radioactive iodine 125, 1'3! or tritum. The enzymes, fluorescent materials,
luminescent materials and radioactive materials can be conjugated to the polyclonal or monoclonal
antibodies using conventional methods known in the art.

The DNA segment of the present invention also allows those skilled in the art to select DNA fragments
from the DNA sequence shown in Table I, and complementary mRNA fragments which are unique to
HVMLC2/.The invention would also permit one skilled in the art to select oligonucleotide sequences from
the known sequences of myosin light chains from atrial, thymus or skeletal muscle tissue which are unique
to the myosin light chains of those tissues. In addition polypeptides unique to myosin light chain proteins of
specific tissues can be deduced from the unique DNA sequences. The selected DNA and mRNA
oligonucleotide fragments can be used as reagents to detect the presence or absence of a complementary
oligonucleotide in a biological sample. In particular oligonucleotides identified from the DNA segment of the
present invention can be used as probes in diagnostic tests for heart disease to detect the presence or
absence of complementary oligonucleotides, such as DNA or mRNA nucleotide fragments, in a biological
sample. Antibodies against the selected polypeptides can be prepared using known methods and these
antibodies can be used in in vivo or in vitro analytical methods or as medicaments.

The selection of oligonucleotide Tragments or polypeptides useful as specific reagents, or in preparing
specific reagents to detect HVMLC2 in a biological sample or to use as medicaments, is facilitated by
knowing the conformation of the HVMLGC2 protein. For example, polypeptides located in the exposed sites
of the HVMLC2 protein, as shown in Figure 2, would be particularly useful in preparing antibodies to be
used in analytical methods or as medicaments.

The following examples below illustrate the invention.

EXAMPLE 1



10

18

20

25

30

35

40

45

50

55

EP 0 357 856 A1

Isolation of Total RNA From Human Ventricle Using Guanidine Thiocynate

2g of human ventricle frozen in liquid N2 was pulverized and homogenized in 20ml GTC solution (4M
guanidine thiocynate, 25mM sodium citrate, 0.1M 2-mercaptoethanol, 0.5% sarkozyl) with a polytron
(Brinkman Inst., PST 20 probe) at 5.5 rpm for 10 seconds, then homogenized in a teflon - glass
homogenizer 2X low speed, the spun down in COREX tubes at 7,000 rpm for 10 minutes. Eight grams of
cesium chloride were added to the supernatant and dissolved by vortexing. The solution was applied on 1.2
mi of cesium chloride solution (5.7 M cesium chloride, 25mM sodium acetate) and centrifuged at 35,000
rpm using a SW 50.1 rotor (6 tubes) for 16 hours at 20° C.

The GTC solution was removed, the sample was rinsed with fresh GTC solution and the cesium
chloride was poured out. The tubes were cut 1.5 cm from the bottom. The RNA pellet (transparent) was
dissolved in 500 wl of autoclaved H.O, immediately transferred into 100% ETOH + 10% of 3M sodium
acetate, pH 5.2, and left on ice for 16 hours at -20° C to precipitate. The amount of RNA was estimated by
reading 0.D.260 - 330 1g. Several preparations were performed.

EXAMPLE 2

Isolation of Poly (A)+mRNA From Total RNA Using Oligo dT Column

100 mg oligo dT cellulose (Pharmacia) was resuspended in loading buffer (20 mM TrisHCI pH 7.6, 0.5M
NaCl, 1imM EDTA, 0.1% SDS). The mixture was poured into a column (BIORAD, 2 ml disposable poly-prep
chromatography column) and was washed with 2mi sterile H20, 2 ml 0.1M NaOH + 5 mM EDTA, 5 mi
sterile H20). The pH of the eluent was 6.8. The column was washed with 5 column volumes of loading
buffer. 500 ug of total RNA (combined preparations) were used. O.D.2¢0 was checked to confirm the
amount. RNA was dissolved in 500 ul H20 (autoclaved) and heated up fo 65° C for 5 minutes. An equal
amount of 2 X loading buffer was added. The sample was cooled down to room temperature and applied on
the column. The flow through was collected and heated again to 65 C and cooled down to room
temperature. The sample was reapplied on the column. The column was washed with 10 column volumes of
loading buffer and 4 column volumes of 0.1 M NaCl loading buffer. Poly A" was eluted with 3 column
volumes of elution buffer (10mM Tris-HC! pH 7.5, 1 mM EDTA, 0.05% SDS). The Poly A" fraction was
immediately precipitated with 100% ETOH + 10% of 3 M sodium acetate pH 5.2 and stored in -20° C. The
amount of Poly A" RNA was estimated by reading O.D.2g0 - 20 [Lg. The yield was approximately 4.2%.

EXAMPLE 3

Preparation of the Human Ventricular cDNA Library

The Okayama - Berg procedure (Mol. & Cell. Biol. 2, p. 161,. 1982) as set out in the cDNA cloning
Manual by Pharmacia was used to make the cDNA library. All reagents were bought from Pharmacia. The
method used to make the cDNA library is briefly described below.

The mRNA was tested using oligo p(dT)i2-1s-primed reverse transcription to determine the size range
of the mRNA population and its ability to serve as a template for reverse transcription. Poly A mRNA (10
ug) was hybridized to oligo (dT) tailed pCDV-1 expression vector and was reverse transcribed using AMV
reverse iranscriptase. The cDNA was synthesized directly onto the vector, thus requiring no insertion steps.
An oligo (dC)-tail (7 dC residues per 3'end) was added to the 3 -terminus of both the cDNA and the vector
using terminal transferase. The dC-tail was removed from the 3’ end of the vector using Hind il digestion.
The oligo (dC)-tail Hind [l cleaved cDNA:RNA vector was then circularized using oligo (dG)-tailed linked
DNA (pL-1, 524 bp, 1/10 scale reaction). The RNA strand in the cDNA:RNA plasmid was replaced with DNA
through nick translation using RNaseH, DNA polymerase | and DNA ligase (1/10 scale). The circular cDNA
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vector was then transformed into E. coli k12 strain MC1061 (1/10 scale) to create a cDNA library. Once the
conditions were determined the procedure was increased 10 fold to obtain the cDNA library.

The cDNA library was stored at -70° C in 1.5 ml aliquots which were quick frozen in liquid nitrogen. The
cDNA:RNA plasmid transformed into E coli K12 strain MC1061 is deposited at ATCC under the deposit
number ATCC 67789.

EXAMPLE 4

Design and Construction of the Synthetic Oligonucleotide Probe

The synthetic oligonucleotide probe shown in Table V was derived from the partial amino acid
sequence determined from chymotryptic peptides of human cardiac light chain 2 (HVMLC2) protein
published by Kilotz et al (Cir. Res. 50, p. 201, 1982). The probe was derived from the amino terminal end of
the HVMLC2 protein correspondlng to positions 27 - 32 of HYMLC2. The detailed amino acid sequence of
HCMLGC2 was not known. However, the same amino acid sequence for the synthetic oligonucleotide probe
(GIn-GLu-Phe-Lys-Glu-Ala) is found in rabbit cardiac muscle light chain LC2 (Collins et al, supra) and rat
cardiac light chain LC2 (Kumar et al, supra). This suggested that the amino acid sequence for r the synthetic
probe is well conserved in the genes—ard.lfferent muscles and different animals. Therefore, this probe was
used to screen the human ventricular cDNA library. The synthetic oligonucleotide probe was synthesized by
an automatic DNA-synthesizer (Pharmacia Gene Assembler, using cyanoethyl phosphoramidite).

Table V

17-mer probe for HYCMLC-2 32 combinations
A A T A A

CAG | GAG | TTC | AAG | GAG | GC-
Gin Glu Phe | Lys Gly Ala

EXAMPLE 5

Purification of the Synthetic Oligonucleotide Probe

Cassettes containing the synthetic oligomer were spun down in Eppendorf tubes, dried on speed-vac
and soaked in 25% NH.OH (1.2 ml). The Eppendorf tubes were sealed with parafilm and soaked in 25%
NH4OH to minimize the leakage and left for 16 hours at 50° C. After cooling down on ice, the cassettes
were transferred into new Eppendorf tubes and spun down to get all the liquid out. Both supernatants were
combined and divided into 4 tubes and dried using the speed vac. The pellets were dissolved in 80 il of
H20. 30 1! DNA sample buffer (0.4% bromophenol biue, 25% ficol, 100 mM EDTA) was added, the solution
was left for 5 minutes at 65° C, and then run on 20% acrylamide-urea gel (26.6 mi of 45% acrylamide-bis;
1.5% of 43% acrylamide-bis; 25.2g of Urea; 10X TBE (6.0 ml 0.89 M Tris-borate, 0.89 M boric acid, 0.02M
-EDTA); 6.0 mi of H20; 15 mg of APS (ammonium persulfate); and, 40 Wi TEMED).

The gel was run for approximately 3 hours at a constant current of 20mA, using 0.088M Tris-borate,
0.089M boric acid and 0.002M EDTA as a running buffer. The gel was stained with Ethidium Bromide (0.2
mg/mi in Hz20) for 15 minutes. Under UV light, the band correspondlng to the size of the 17 mer was cut
out, pulverized and resuspended in 8 ml of 0.5 M NH4OAc, left at 37 C for 16 hours and then, spun down.
The supernatant was extracted with H2O saturated butanol, and the oligomer was precipitated with 5 vol. of



10:

5

20

25

30

35

50

58

EP 0 357 856 At

100% ETOH + 10% 3 M sodium acetate pH 5.2. The oligomer was put on dry ice for 1 hour. The pellet
was collected by centrifugation in a microfuge for 15 minutes and washed with 70% ETOH. The final pellet
containing the purified oligomer was dried using a speed - vac and stored at 4" C. The purified oligomer
was dissolved in 50 1l HoO and the concentration was determined by Azso nm (2.5 wg/lLl). Approximately
200 ng of oligomer was used for 5 end labelling.

EXAMPLE 6

Screening of the cDNA Library Using Oligonucleotide Probes

An aliquot of the cDNA library was thawed on ice, centrifuged at 1200 rpm for 2 minutes, the peilet was
dissolved in 1 ml LB (Luria Bertani medium - 10g Tryptone, 5 g yeast extract, 5 g sodium chloride, pH 7.5)
and put into 10mi LB + ampicillin (50 wg/ml). The culture was grown for 6 hours at 37 C, titred and plated
the next day. The E. coli transformants were grown on 40 small plates with approximately 5000 colonies per
plate.

Nitrocellulose filters were placed on the culture plate and then put onto wet Whatman 3MM paper
presoaked with 0.5m NaOH, 1M NaCl for 10 minutes, and dry blotted on Whatman 3MM paper. The filter
was then transferred onto Whatman paper presoaked with 1M Tris, pH 7.4, 2.5 M NaCl for 10 minutes and
dry blotted on Whatman's 3MM paper and the procedure was repeated again with 1M Tris, pH 7.4, 2.5M
NaCl. The filters were air dried, baked in a vacuum oven at 80" C for 2 hours and wet in 3X SCC (20xSCC -
175.3g NaCl 88.2g sodium citrate). The filter was put in prehybridization buffer (6X SSC, 1X Denhardt's
solution, 0.5% SDS, 100 L.g/m! sheared and denatured salmon sperm DNA, 0.05% sodium pyrophosphate)
and incubated for at least 2 hours at 37° C. The prehybridization buffer was removed and replacedl with
hybridization buffer (6X SSC, 1X Denhardi's 20 wg/ml tRNA, 0.05% sodium pyrophosphate) and 5 end
labelled oligonucleotide probe. The purified synthetic oligonucleotide probe (example 5) was labelled by
mixing 2 Wl + 17-mer (0.2 wg), 27 wl H20, 10 Wl 5x forward reaction buffer (5' DNA Terminus Labelling
System from BRL) 9 ul 3ATP SA 5000 Ci/mM, and 2 wl T-4 Kinase (10U/ml) and incubating for one hour at
37° C. Hybridization was carried out at 37" C for 16 hours. The nitrocellulose filters after the hybridization
were washed in 6X SCC + 0.05% sodium pyrophosphate. The filters were washed twice at 37° C for 1/2
hour each and once at 47° C for 10-15 minutes. The filters were briefly air dried. Autoradiography was
performed using an x-ray film (Kodak X-Omat RP) for 16 hours at -70" C.

Positives were obtained in primary screening, of which two proved to be true in secondary screening.
One pCD-HVLC2 clone contained the complete 3" untranslated and coding regions. Figure 1 shows a
schematic illustration of the restriction map of pCD-HVLC2. The plasmid pCD-HVLC2 is deposited at ATCC
under the deposit number ATCC 67791.

EXAMPLE 7

Northern blot analysis was performed with a BamHI restriction fragment from plasmid pCD-HVLC2
according to the procedure of "B.D. Hames & S.J. Higgins, "Nucleic Acid Hybridization", A Practical
Approach, IRL Press, 1985. Human atrial total mRNA as a negative control and human ventricular total
mRNA were separated by electrophoresis, transferred to a nitrocellulose filter and hybridization was carried
out with 32P labelled BamH! restriction fragments from plasmid pCD-HVLC2. A transcript of approximately
1500 bp which corresponds to the size of HVMLC2 mRNA was detected with the human ventricular mRNA.

EXAMPLE 8

Southern blot analysis of DNA restriction fragments from the plasmid pCD-HVLC2 was performed
according to the procedure of B.D. Hames & S.J. Higgins, "Nucleic Acid Hybridization A Practical
Approach”, IRL Press, 1985. Sall, Bam HI and Pst [ restriction fragments from the plasmid pCD-HVLC2
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were separated by gel electrophoresis and then transferred to a nitrocellulose filter. The immobilized DNA
fragments were then probed with the labelled 17-mer oligonucleotide probe (Example 6). The Southern Blot
analysis of the DNA restriction fragments from the plasmid pCD-HVLC2 probed with the 17 mer
oligonucleotide probe demonstrated that the insert contained HVMLC2 specific sequences.

EXAMPLE 9

Determination of the Base Sequence of HVMLC2 cDNA

The HVMLC2 cDNA was sequenced using the dideoxy chain determination method. (Biggin, M. et al.
(1983) Proc. Natl. Acad. Sci. U.S.A. 80, p. 3963-3965). The amino acid sequence deduced from the ¢cDNA
was compared with the known partial amino acid sequence of human cardiac myosin light chain 2 as
described in the literature (Klotz, Circulation Research, 50, p. 201, 1982).
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11

TABLE II
10 20 30 40 50
| I |
TGGTGGTGCA AATCAAAGAA CTGCTCCTCA GTGGATGTTG CCTTTACTTC. . .
GGAGTGTGGA ATTCTTCTCG GGAGGCAGTG CTGGGTCCTT TCCACCATGG
TCCATGTTCGVAACAGACCCA AATCCAGGAA TTTAAGGAGG CCTTCACTAT
CCTTTGCTGC CCTTCGAGTG AACGTGAAAA ATGAAGAAAT TGATGAAATG
TGGGGAGAAA CTTAAGGGAG CGGACCCTGA GGAAACCATT CTCAACGCAT
CGGGAAATGC TGACCACGCA GGCGGAGAGG TTTTCCAAGG AGGAGGTTGA
AGAACCTGGT GCACATCATC ACCCACGGAG AAGAGAAGGA CTAGGAGGGG
TCTCTCCCCC GAGTACCGCC TCTGTCCC
60 70 80 90 100
«ve TAGGCCTGTA CGGAAGTGT% ACTTCTGCTC TAAAAGCTGé TGCAGGGGGG
. CACCTAAGAA AGCAAAGAAG AGAGCCGGGG GCGCCAACTC CAACGTGTTC
CATGGACCAG AACAGGGATG GCTTCATTGA CAAGAACGAT CTGAGAGACA
ATCAAGGAGG CTCCGGGTCC AATTAACTTT ACTGTGTTCC TCACAATGTT
TCAAAGTGTT TGACCCTGAA GGCAAAGGGG TGCTGAAGGC TGATTACGTT
CCAGATGTTC GCCGCCTTCC CCCCTGACGT GACTGGCAAC TTGGACTACA
GCTCGCTGCT GGCCCCTAAA CTCGTCTTTG CAGAGTGGTC CTGCCTCATC
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Table IV

COMPARISON OF VENTRICULAR MYOSIN
: LIGHT CHAIN 2 SEQUENCE IN MAMMALS

Human APKKAKKRAGGANSNVFSMFEQTQIQEFKEA

Rabblt /] —llunnn L2 . . B B B R R ) LI I T R

10 Rat -onuwunnL'E Gsnunnnnnnnnnnnnnn-on

Human FTIMDQNRAGFIDKNDLRDTFAAL-RVNVK

Rabbit "Nﬂnﬂﬂn”"nl‘ﬂ“ﬂﬂ"ﬂ"ﬂﬂ " NN G"‘NNW

15 Ral LA B L B D DR B B DN DN BN B I R T ) L L I A . R B S )

Human NEEIDEMIKEAPGPINFTVFLTMFGEKLKG

Rabbit NNNH"N""'HN”NNNRWNN"QNl!"N.ﬂ.ﬂ

"R RN RN NRN MR NN W W O N® W RN ONR AW Rﬂ.ﬂ.'

20 Rat

Human ADPEETLLNAFKVFDPEGKGVLKADYVRE

Rabbit ~ L] LN - L BN ~ L] L] “ m " ” L] . » » - L ] L AN L ] L] - - - LA J
25 Rat NG'NW.NWNQHQQQAQRRRITG.HILYQ.
Human MLTTQERFSKEEVDQMFAAFPPDVTGNLDY
Rabbit L] e =n L J w e n L] D - I n L] - . » L] n n - - . n L I ] L] L]
Ra: L] - l' n 2w . e =» E T . ® n . N e =n L] ” N - ~ S n »n - "
30
Human KNLVHIITHGEEKD
Rabbit " % ME W ER RN N AW nI
35 Rat ® N RN R AR RW W O NwW O RNR
40
Alanine Ala A Leucine Leu L
Arginine Arg R Lysine Lys K
Asparigine Asn N Metkicnine Met M
45 Aspagtic acid - Asp D Phenylalanine Phe F
Cysteing Cys C Proline Pro P
Glutamic acid Glu E Serine Ser S
Glutamine Gla Q Threonine Thr T
Glycins Gly G Trypiophan Trp w
50 Histidine His H yrosine Tyr Y
[soleucine i 4 Viline Val v
55
Claims

1. A DNA segment having a sequence which codes for human ventricular myosin light chain 2 protein
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or a fragment of the DNA segment.

2. A DNA segment having a sequence which codes for human ventricular myosin light chain 2 protein
of the amino acid sequence as shown in Table | or a fragment of the DNA segment.

3. A DNA segment having a sequence which codes for human ventricutar myosin light chain 2 protein
of the nucleotide sequence as shown in Table | or a fragment of the DNA segment.

4. The DNA segment as claimed in claim 1, which has the nucleotide sequence as shown in Table Hi.

5. A recombinant plasmid adapted for transformation of a host cell comprising a plasmid vector into
which a DNA segment or a fragment of a DNA segment as claimed in any one of ciaims 1 to 4 has been
inserted.

8. The recombinant plasmid as claimed in claim 5, wherein the plasmid vector comprises E. coli
plasmid pBR322.

7. The recombinant plasmid as claimed in claims 5 or 8, which includes Pst | restriction endonuclease
sites.

8. The recombinant plasmid as claimed in claims 5 or 6, which includes Bam HI restriction en-
donuclease sites.

9. The recombinant plasmid as shown in Figure 1.

10. A transformant host plasmid as claimed in any one of claims 5 to 9.

11. The transformed host cell as claimed in claim 10, wherein the host cell is a bacterial cell.

12. The transformant host cell as claimed in claims 10 or 11 wherein the host cell is E. coli.

13. A process for producing human ventricular myosin light chain 2 protein or a part of the protein
comprising culturing a transformant host cell as claimed in claims 10, 11 or 12, in a suitable medium until
human ventricular myosin light chain 2 protein or part of the protein is formed and isolating the human
ventricular myosin light chain 2 protein or part of the protein.

14. A polyclonal antibody directed against human ventricular myosin light chain 2 protein or a part of
the protein, which is prepared in a manner known per se using the human ventricular myosin light chain 2
protein or a part of the protein prepared according to the process as claimed in claim 13 or synthetically
synthesized HYMLGC2 protein or a part of the protein.

15. A monoclonal antibody directed against human ventricular myosin light chain 2 protein or a part of
the protein, which is prepared in a manner known per se using the human ventricular myosin light chain 2
protein or a part of the protein prepared according to the process as claimed in claim 13 or synthetically
synthesized HVMLC2 protein or a part of the protein.

18. A medicament for the prophylaxis and treatment of heart disease which comprises a polyclonal
antibody as claimed in claim 14 and one or more of a therapeutic agent and a pharmaceutically acceptable
excipient, diluent and auxiliary. :

17. A medicament for the prophylaxis and treatment of heart disease which comprises a monocional
antibody as claimed in claim 15 and one or moreé of a therapeutic agent and a pharmaceutically acceptable
excipient, diluent and auxiliary.

18. An agent for detecting damaged cardiac tissue which comprises a polyclonal antibody as claimed in
claim 14 and a labelling agent.

19. An agent for detecting damaged cardiac tissue which comprises a monoclonal antibody as claimed
in claim 15 and a labelling agent.

20. The agent as claimed in claims 18 or 19, wherein the labelling agent is a radioactive material.

21. A process for producing a DNA segment according to any one of claims 1 to 4, a recombinant
plasmid according to any one of claims 5 to 9, or a transformed host according to any one of claims 10 to
12.

22. Use of polyclonal antibody according to claim 14 or a monoclonal antibody according to claim 15 in
the manufacture of a medicament for the prophylaxis and treatment of heart disease or in the manufacture
of an agent for detecting damaged cardiac tissue.

14
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